Objectives: We analyzed tornado-related injuries seen at hospitals and risk factors for tornado injury, and screened for posttraumatic stress following a statewide tornado-emergency in Alabama in April 2011.
Introduction
On April 27, 2011, the third deadliest tornado outbreak in recorded U.S. history hit several southeastern states, with the five most violent Enhanced Fujita (EF) [1] Scale 4 or 5 tornados occurring in Alabama between 2 and 7 p.m. [2, 3] The event resulted in a rare statewide emergency, with 46 hospitals predominantly located in central and northern Alabama reporting a substantial surge of patients. The Alabama Department of Public Health (ADPH) requested epidemiologic assistance from the Centers for Disease Control and Prevention (CDC) to evaluate patterns and risk factors for tornado-related injuries and determine the mental health impact following the disaster.
Known risk factors for injury during tornados include vulnerable home construction, [4, 5] and lack of underground shelter options, such as basements and storm shelters. [6] People outside of structures or in mobile homes during a tornado are at the highest risk of death. [7, 8] If underground shelter is unavailable, closets and bathrooms have been recommended in preparedness guidelines. [4, 9, 10] Empirical research on the effects of warning messages preceding tornado impact is scarce. It has been discussed that sirens and media warnings may improve sheltering behavior, [11] [12] [13] [14] but frequent exposure to false alarms may conversely lead to desensitization and reduced shelter-seeking. [3, 14] The objectives of the present study were to characterize tornado injuries treated between April 27-30, 2011 at Alabama hospitals based on a hospital chart review, and to conduct follow-up telephone interviews to identify risk factors and screen for PTSD symptoms.
Materials and Methods

Hospital chart abstraction
According to ADPH, 46 hospital emergency departments (EDs) reported patients with tornado-related injuries. Thirty-nine hospitals, including two level I and one level II trauma centers participated. The hospitals were requested to pre-screen their files for all adult ($18 years) patient charts with $1 injury based on International Classification of Diseases, 9th edition, Clinical Modification (ICD-9-CM) codes 800.0-959.9 treated between April 27-30, 2011 .This process yielded 2,812 patient charts. Trained CDC and ADPH staff then screened these charts between December 5, 2011 and January 30, 2012 . To qualify as a tornadorelated injury, in addition to an ICD-9-CM injury code, a time of presentation consistent with tornado impact was required without an alternative explanation for injury. From the screened charts, duplicates (n = 22) and charts unrelated to tornado-injury (n = 1,094) were excluded. Pediatric injuries [15] (ages ,18 years old; n = 298) were excluded due to Institutional Review Board (IRB) considerations. We abstracted 1,398 charts.
Abstracted data included demographic information, location at the time of injury, visit type (ED visit or hospitalization), mode of transport to the hospital, discharge disposition, and injury type (direct or indirect injuries). Direct injuries included those by flying debris and structural collapse, while indirect injuries occurred after the storm due to conditions created by the storm. Abstracted data were entered online using SurveyMonkey (www.surveymonkey. com). We calculated body-region specific Abbreviated Injury Scale (AIS) scores and Injury Severity Scores (ISS) using ICDMAP-90 software, [16] which converts ICD-9-CM codes to AIS and ISS. An ISS of ,10 was minor, 10-15 was moderate, and .15 was severe. [17] Telephone case-control study Trained volunteers from CDC and local universities (n = 98) conducted scripted interviews between January 17-31, 2012 at CDC's Emergency Operations Center. A case was an adult person who sustained a tornado-related injury requiring ED care. Controls were uninjured persons who were either in the tornado path or actively avoided being in the path. For case recruitment, we requested patient contact information from the 39 hospitals visited during chart abstraction. Eighteen hospitals provided patient phone numbers, while 4 mailed letters requesting that cases contact ADPH. Eleven hospitals declined. We received contact information for 419 abstracted patients. One hundred eighty-five (44.2%) had a disconnected number, 52 (12.4%) had an incorrect number, 20 (4.8%) were duplicates, and 57 (20.0%) declined participation. Of 105 (25.1%) who started the interview, 98 (23.4%) completed, yielding a response rate of 60.5%. [18] Controls were recruited with public service announcements aired in English from January 3-10, 2012 in the TV markets affected. Respondents left contact information on the ADPH website (n = 173) or by a toll-free automated telephone mailbox (n = 84). An additional 97 controls were referred by interviewed individuals. The eligibility of respondents was self-screened prior to leaving contact information, and eligibility was verified during the interviews. Six (1.7%) had a disconnected number, 5 (1.4%) had an incorrect number, 13 (3.7%) were duplicates, and 121 (34.2%) declined participation. Of 209 (59.0%) who started the interview, 200 (56.5%) completed the survey, yielding a response rate of 60.6%. [18] The pretested survey included address and type of location at the time of tornado impact, room type, presence of windows, floor level, and structure of material and foundation. We also asked if helmets were used for head protection, which warning sources (e.g., TV, or 'word of mouth' community warnings) persons had access to and which sources were actually used. We asked about the reaction to the sirens, the estimated annual frequency of tornado siren exposure, and past experiences with tornados being seen after hearing sirens.
We screened all surveyed individuals for PTSD symptoms using Breslau's Short Screening Scale. [19] This tool has seven dichotomous questions and a cut-off value of four points has demonstrated a sensitivity of 80% and a specificity of 97% in detecting PTSD. [19] Several variables that may increase the risk of PTSD were assessed during the interviews using questions from the Behavioral Risk Factor Surveillance System. [20] These variables included loss events (loss of a close person or pet, the home, or the workplace due to destruction caused by the storm), a psychiatric history prior to the tornado, and sustaining a tornadorelated injury. Referrals to Project Rebound (http://www. projectrebound.ua.edu/), which has provided counseling to tornado victims were offered to all respondents at the end of the interviews. Surveyed data were entered online using SurveyMonkey (www.surveymonkey.com).
Geocoding
We geocoded the physical address at the time of tornado impact using ESRI ArcMap 10.0 (www.esri.com) for all chart-abstracted and interviewed cases and controls with a known address (total N = 467). We created a composite of the tornado tracks from data available from the National Weather Service (NWS) post-storm damage assessments [3, 21] to calculate proximity of cases and controls to tornado tracks. This approach was taken to control for potential differences in tornado exposure for cases and controls in the subsequent analysis of associations between injury and location during the time of tornado impact.
Statistical analysis
Chart abstraction data. Frequency distributions were computed for all variables abstracted from medical charts. Associations of abstracted variables with injury severity were evaluated using mean score chi-square tests when the outcome variable was ordinal and the independent variable was categorical. Correlation chi-square tests were used to calculate associations of ordinal dependent with ordinal independent variables. For cells with sample size ,5, Fisher's exact test was used. Further, we obtained census block data on sex and age to analyze differences between surveyed individuals and the total population in the area.
Survey data on respondent's location at the time of tornado impact. We used the frequency procedure (Proc Freq) in SAS with an odds ratio (OR) option to calculate crude odds ratios for injury associated with respondent's location at the time of tornado impact. For cells with small sample size (,5), exact tests were used to calculate odds ratios. Adjusted associations between the respondent's location at the time of tornado impact with injury were assessed with conditional logistic regression and adjusted for the respondent's distance from the closest tornado path at the time of tornado impact, age, sex and race. We adjusted these analyses for the respondent's distance to the closest tornado track in order to control for differences in actual exposure to the tornado between cases and controls, which would potentially bias risk estimates for different types of structures and locations during the storm.
Survey data on warning systems and reactions shown to sirens. In order to calculate the odds of injury for (a) exposure to different warning systems, (b) annual estimated frequency of siren exposure, (c) past tornado exposure after hearing sirens and (c) specific types of reactions to sirens shown during the event, we used the frequency procedure (Proc Freq) in SAS with an odds ratio (OR) option to calculate odds ratios. For multivariate analyses, we used conditional logistic regression analyses. Exact versions of the tests were applied for analyses of variables with small cell (,5) .
Control variables for all analyses performed were carefully selected based on theoretical reasoning. Because of partially small sample sizes, only a limited number of control variables could be selected. Warning systems were adjusted for age, sex, race and access to the respective warning system. This approach was taken because media use (e.g., internet use) has been shown to vary widely between demographic populations, e.g. across age groups. [22] Access to the respective warning system was included as a control variable in these analyses in order to control for differences in the availability of each system across households and regions.
The annual estimated frequency of siren exposure as an explanatory variable for injury was similarly adjusted for age, sex and race and additionally adjusted for past experiences with witnessing a tornado after hearing past tornado sirens. The latter variable was included here because witnessing no tornado after hearing tornado sirens in the past may desensitize individuals and reduce the effect of tornado siren exposure on injury-protective behaviors. [14] Following a similar adjustment scheme, past experiences with tornado exposure after hearing sirens as a protective factor was adjusted for age, sex, race, and the frequency of annual siren exposure. Specific types of reactions to sirens shown on April 27, 2011 were controlled for the respondent's age, sex, and race because reactions may vary with demographic characteristics.
Survey data on PTSD. In the analysis of risk factors for PTSD, positive screening for PTSD (across all surveyed individuals) was the outcome variable. We used the frequency procedure (Proc Freq) in SAS with an odds ratio (OR) option to calculate crude odds ratios. For multivariate analyses, we used conditional logistic regression analyses. The odds ratios of PTSD for specific types of loss events and number of loss events were all adjusted for the respondent's age, sex and race because of known differences in the risk for PTSD across demographic groups. [23] Additionally, we controlled these analyses for the respondent's injury sustained during the tornado (which may reflect a higher degree of traumatization and/or exposure to the storm), and for the respondent's psychiatric history before the tornado emergency. The latter variable was included because previous psychiatric morbidity increases the risk of traumatization and PTSD. [23] Psychiatric history prior to the tornado as a risk factors for PTSD was similarly adjusted for age, sex, and race, the number of sustained loss events sustained during the tornado, and own tornado injury. Following the same adjustment scheme, own tornado injury as risk factor for PTSD was adjusted for age, sex, race, number of loss events and past psychiatric history.
Across all analyses of survey data, missing values were coded as a separate category. We used SAS 9. 3 Verbal consent was obtained as opposed to written because respondents were interviewed from a call center in Atlanta across multiple locales in Alabama. Public Health investigations like this investigation, which follow the 'Epi-Aid' mechanism designed to provide federal epidemiological assistance from CDC to states typically don't require written consent. The consent procedure was approved by the Institutional Review Boards.
Results
As indicated by data from chart abstraction, most of the tornado-related injuries with known ISS (n = 1,170) were relatively minor (n = 1,041, 89%), though 6% (n = 70) were moderate, and 5% (n = 59) were severe (Table 1) . More than 70% were directly related to tornado impact, while indirect injuries were predominantly from clean-up activities, such as improper use of chainsaws and other powertools (n = 40, 14%), puncture wounds (n = 43, 15.2%), or from falling objects (n = 55, 20%) (data not shown). Those with direct injuries were more severely injured than patients with indirect injuries, X 2 (1, N = 1,100) = 21.13, p,.0001 (Table 1) . Less than a quarter of all injured patients were admitted, with a length of stay from 1 to 92 days. Of those admitted, more than 20% were sent to an intensive care unit (ICU) for 1 to 30 days (data not shown). Most patients were discharged home (n = 1,202, 86%), while 15 (1%) died prior to discharge (Table 1) .
More patients arrived at hospitals by private vehicles than by ground or helicopter ambulance combined (38% vs. 32%), but individuals transported by ground ambulance were more severely injured as compared to all other patients, X 2 (1, N = 879) = 73.73, p,.0001 (Table 1) . The extremities and pelvic girdle (64.2%) were the most frequently injured body regions overall, followed by head injuries (37.5%). Head, chest and abdomen regions were affected in the majority of severe trauma. Head injuries resulted in many hospitalizations (46.5%), most ICU admissions (56.3%), and deaths (71.4%) (data not shown).
Regarding demographic patient variables, males had significantly more severe injuries than females, X 2 (1, N = 1,146) = 6.74, p = .009, and injury severity increased with rising age, although this finding was only borderline significant, X 2 (1, N = 1,094) = 3.76, p = .052 (Table 1) . Those aged 30-64 were more frequently injured than those 18-29 or over 65 years, and a slight majority was self-pay. While more injuries occurred in permanent homes (houses and apartments) than in mobile homes (24.9.% of vs. 7.5%, Table 1), individuals in mobile homes were (1, N = 1,170) = 11.32, p = .0008 (Table 1) .
A comparison of census block data with abstracted data indicated no significant differences between abstracted individuals and adult residents regarding age and sex (data not shown).
A comparison of the demographic characteristics age, sex and race of individuals whose data were abstracted from hospital charts with those who participated in the telephone survey is shown in Table 2 . As indicated by chi-square tests, individuals who participated in the survey were more often between 45 and 64 years of age, less frequently male, and less frequently of black or African-American origin as compared to abstracted patients (Table 2) . Surveyed cases were, however, not significantly different from surveyed controls in terms of age group ( X 2 (4, N = 298) = 2.34, p = .67), sex ( X 2 (2, N = 298) = 1.10, p = .58), and race ( X 2 (2, N = 298) = 4.94, p = 0.08) (data not shown). Figure 1 visualizes the geocoded locations of cases and uninjured controls along with registered tornado paths and EFcategories. Controls were further away from tornado tracks than surveyed cases (0.95 miles vs. 0.46 miles, p = 0.0001). Surveyed cases were closer to the nearest tornado track than noninterviewed cases (mean distance in miles 0.46 vs. 1.1, p = .004).
Being located in a mobile home at the time of tornado impact compared to a permanent residence had the greatest odds of injury (odds ratio [OR], 6.98; 95% confidence interval [CI]: 2.10-23.20) (Table 3) . Within residences, location in a basement (OR, 0.13; 95% CI, 0.04-0.40), bathroom (OR, 0.22; 95% CI: 0.06-0.78), closet (OR, 0.25; 95% CI, 0.07-0.80) and hallway (OR, 0.31; 95% CI, 0.11-0.90) had significantly lower odds for injury compared to being in a living room, kitchen, or family room. This analysis was controlled for the respondent's distance from the closest tornado path at the time of tornado impact as well as age, sex, and race. No injuries were noted in a public/commercial building or storm shelter or among persons wearing helmets (Table 3) .
After adjustment for accessibility of the specific warning source and demographics, exposure to the NOAA weather radios (adjusted odds ratio [ (Table 4 ). The past experience of witnessing a Table 2 . Demographic characteristics of patients whose hospital charts were abstracted, and of survey participants.
Data from survey (N = 298) n (%)
Data from chart abstraction (N = 1398) n (%)
Overall (aOR, 3.48; 95% CI, 1.61-7.52), loss of the workplace (due to destruction caused by the tornado) (aOR, 2.91; 95% CI, 1.05-8.06), and a psychiatric history (aOR, 3.94; 95% CI, 2.01-7.70) were all associated with an increased odds for experiencing PTSD symptoms. The odds of screening positive for PTSD increased with the number of loss events (Table 5) .
Discussion
A large surge of injured patients was seen at local hospitals during the statewide emergency. Similar to historic tornado events, most of these injuries were non-severe, with the extremities being the most frequently injured body region. [24] [25] [26] [27] [28] [29] [30] Injuries to the head were among the most severe injuries, leading to a majority of ICU admissions and deaths. Helmets reduce head injuries in high impact motorcycle crashes, [31] and may also reduce the severity of head injuries following tornados. However, in the present sample, only eight individuals indicated helmet use, and all of them remained uninjured. Because helmets may prevent some head injuries but cannot protect other body regions than the head, other protective factors than helmet use may have been at play in individuals who had helmets on. Helmet users may have Table 3 . Odds of injury associated with respondent's location during the time of tornado impact among surveyed cases (N = 73) and controls (N = 183) with non-missing distance to the closest tornado track. generally acted in more protective ways than non-users, or may have accessed or responded to warnings earlier than non-users, which may have reduced their overall risk of injury. Further research seems warranted to test the effects of helmets on injuries in severe storms. A prior analysis of vital statistics data uncovered 212 deaths in Alabama, [2] while our analysis of hospital charts showed just 15 deaths, indicating death on impact for the vast majority of patients. High proportions of deaths before transportation to hospitals have also been reported based on Red Cross data, [2] underlining the extraordinary forces involved in this tornado emergency. Severely injured patients who survived until hospitalization were predominantly transported by ambulance, but in total more patients were transported by private vehicles, confirming the important role of private helpers in this tornado event. [3] In contrast to mobile home residents who have repeatedly been shown to sustain more severe injuries, [6] [7] [8] [32] [33] [34] the number of injuries in public commercial buildings and storm shelters was very low, underlining the protective benefit of these structures. However, our survey also indicated that the proportion of uninjured controls located in these types of structures was small. An early assessment following the tornados showed that few people had knowledge of a storm shelter close to their home, [3] and affected areas had an inadequate number of shelters. [35] The present findings thereby underline the need for improved access to and use of safe structures in tornado-prone areas.
The current analysis indicates that, if safe structures are out of reach, individuals located in a permanent home, who made up a large proportion of injuries, can still reduce their injury risk. Underground basements, [6, 32, 34] closets, hallways, and bathrooms seemed safer in the present analysis than other rooms. Current tornado preparedness guidelines recommend seeking shelter in interior rooms when there is no basement or tornado shelter available, but their protective effect had rarely been tested. [4, 9, 10] It is noteworthy that about a quarter of all injuries may be prevented by increasing safety during clean-up. Enhanced public health messaging regarding the safe use of powertools, [35] and proper head, hand and foot protection may be beneficial during clean-up following future events. [36] The present assessment also provided some novel findings on the potential roles of warning messages preceding tornado impact. Consistent with an earlier study, [14] seeing televised warnings was associated with a lower injury risk, but also warnings from the NOAA weather radios, and particularly the internet, as well as tornado sirens may reduce the risk of injury. There was no support for desensitization resulting from frequent tornado siren exposure. [3, 37] On the contrary, we identified an inverse association between frequency of siren exposure and injury risk. There were also differences in injury risk estimates depending on the reaction to the siren. Seeking further information, which is the most typical immediate reaction to hearing a siren, [14] was associated with a decreased risk of injury. Fleeing in a motor vehicle also showed a decreased but non-significant association with injury. Some, [4, 38] but not all [7] earlier literature indicates that fleeing a tornado in a motor vehicle may be protective under certain circumstances. However, current tornado preparedness guidelines advise against outrunning a tornado by motor vehicle. [10] It is known that severe storms pose not only a physical but also a psychological burden on the affected population, [39] with up to 66% of affected individuals requiring crisis counseling after a violent tornado, [40] and a prevalence of PTSD of 2% to 59% later on. [41, 42] In our sample, 22.1% of respondents screened positive for PTSD symptoms. In accordance with the literature, loss events and history of psychiatric disorder were risk factors for PTSD symptoms 8 months post-event. [43, 44] These findings underline the need for long-term psychosocial support in affected communities. [40, [44] [45] [46] [47] This analysis has several limitations. Seven of the 46 hospitals that saw patients following the tornado did not participate in the chart abstraction. However, these hospitals were mainly located in the periphery of the tornado tracks, and collectively reported seeing only 57 patients. Further, eleven hospitals declined releasing patient contact information for the case-control survey. Regarding the telephone survey, a random selection of cases and controls was not possible, and only cases and controls with current phone numbers or call forwarding could be contacted. The survey findings are therefore based on a convenience sample and not representative of the total population. Further, differences between surveyed cases and controls may have been more likely to be detected because the case patients were closer to the tornado tracks than the participating controls. Cases and controls were interviewed several months after the tornado, which may have increased the risk of recall bias in the telephone survey, and reluctance in answering sensitive questions is a further likely limitation.
[48] Some controls for the survey were referred by other survey respondents, which was deemed necessary to increase the number of participants, but may potentially have introduced selection bias.
[48] The number of surveyed cases and controls in some categories (e.g., location in a mobile home at the time of tornado impact) were small, and confidence intervals relatively wide. The comparison of chart abstraction data with data from participants in the telephone survey indicated that males and black/Afro-American individuals were underrepresented in the survey, while those in the age range of 45 to 64 years were overrepresented. Finally, case numbers for several categories were small, resulting in limited statistical power, and cross-sectional studies generally do not allow to specify cause and effect.
Conclusions
This study replicated some previous findings suggesting a high risk of injury during violent tornados for persons not in a storm shelter or tornado safe room, which are scarce in the Southeast and other parts of the country. [49] Particularly mobile home park residents may benefit from additional storm shelters. The Federal Tornado Shelters Act provides a basis for grant funds in tornado-prone areas, [50] and some state programs are available to provide financial support to residents who build storm shelters or safe rooms. [51] This study also suggests an important role of media warning systems and tornado sirens in preventing injury. In particular, internet and TV warnings seemed to add protection during this tornado event. Finally, this study indicates a need for mental health services following large tornado emergencies. These services are needed over an extended time period to treat disaster-related traumatization and psychiatric disorders, which are often closely linked to loss events experienced during the emergency. Table 5 . Odds of post-traumatic stress syndrome (PTSD) symptoms associated with loss events and past psychiatric history among injured and uninjured surveyed participants eight months after tornado impact (N = 298). 
